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0 Method and device for amplifying. 

@ First means for generating a first ramp (C) for 
the conversion of an output signal into a PWM signal 
and/or second means for generating a second ramp 
(R) for the conversion of the PWM signal into an 
output signal include counting means (13). The 



PWM amplifier's gain and shift of its output signal is 
easily changed. The circuit can preferably be used 
for controlling brightness and/or contrast of signals 
to be displayed on a liquid crystal display. 
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The present invention relates to a method ac- 
cording to the generic part of claim l and to a 
device according to the generic part of the first 

device claim. 

It is known, e.g. from DE-OS 39 30 259. to s 
amplify a signal with the aid of an amplifier which 
includes a first stage which converts the input 
signal into a puls-width modulated (PWM) signal 
and a second stage, which converts the PWM 
signal into an output signal. The duty cycle of the ro 
PWM signal depends on the value of the input 
signal and the value of the output signal depends 
on the duty cycle. 

The first stage of the amplifier compares the 
voltage value of the input signal with a first saw is 
tooth signal with voltage ramp which runs from a 
first, e.g. low, value to a second, e.g. high, value. 
As long as the ramp voltage is lower than the input 
signal voltage, amplitude of the PWM signal is 
high. When the voltage of the ramp signal is higher 20 
than the voltage of the input signal, the PWM 
signal is low. 

The second stage of the amplifier compares 
the PWM signal with a second saw tooth signal 
with a given voltage run, e.g. from low to high, and 25 
thereby generates the output voltage with a value 
which depends on the duty cycle of the PWM 
signal. 

The gain of such an amplifier can be chosen 
by according voltage runs of the first and/or of the 30 
second saw tooth signal. 

In the said patent application an amplifier of the 
type mentioned is used for processing a video 
signal for driving a liquid crystal display (LCD). In 
dependence on the v/alue ol the output signal a 35 
driven LCD pixel changes its reflectivity or tran- 
sparency respectively. 

The contrast of a video signal to be displayed 
by a LCD is elected by the range, which means the 
difference between the minimum value and the 40 
maximum value, of the output signal. The bright- 
ness of this video signal depends on the value of 
the minimum value and the maximum value of the 
output signal respectively. 

That means that the contrast of the displayed 45 
video signal depends on the gain of the amplifier 
and the brightness on the shift of the output signal. 

The prior (not yet published) German patent 
application P 41 03 813.4 presents also an am- 
plifier of the type mentioned. In the said application so 
the second stage for converting the PWM signal to 
the output signal is realised in a special way for 
decreasing non-linearities of the output signal. 

According to the state of the art, for changing 
the gain and/or changing the shift, at least one of 55 
the voltage runs must be changed. Such a chang- 
ing is quite difficult to realise. 



It is an object of the present invention to 
change the gain of an amplifier of the type men- 
tioned and/or to change the shift of its outout signal 

quite easily. 

This can be realised by a method according to 
claim 1 and a device according to the first device 
claim. 

Improvements of the present invention are 
specified by the subclaims. 

According to the invention the first stage and/or 
the second stage of an amplifier of the type men- 
tioned works digitally. This means that a digital 
input signal, which is led to the first stage and/or a 
intermediate signal, e.g. a PWM signal, is com- 
pared with digital counter signals, value of which 
can be increased or decreased in a given way from 
a first set value to a second set value. 

The first conversion in the first stage effects 
that during time intervals when the value of the 
input signal is above the value of the counter 
signal, level of the intermediate signal, e.g. a PWM 
signal, is different compared to those time intervals 
when the value of the input signal is lower than the 
value of the counter signal. 

The second stage effects that the said inter- 
mediate signal is converted with the aid of a sec- 
ond ramp signal into an output signal, whereby the 
value of said output signal depends on the duration 
of one or more states of the intermediate signal. 

If the run of the intermediate signal is influ- 
enced by the run of the second ramp signal, e.g. in 
that way that amplitude of the intermediate signal is 
decreased or increased according to the second 
ramp signal, unlinearities of the amplifier can be 
reduced. 

The use of this invention for driving a LCD is 
advantageous because brightness and/or contrast 
can be changed very easily. 

Further details, characteristics and advantages 
of the invention will be explained in the following 
embodiments with the aid of the drawing. It shows 
Fig. 1 : a first embodiment of the invention; 
Fig. 2 : signals occuring in the embodiment 
of fig. 1. 

Prior to the detailed description of the embodi- 
ments it may be mentioned that the blocks shown 
in the figures just serve for- a better understanding 
of the invention. Normally at least some of these 
blocks are integrated to units. These units can be 
realised in integrated or hybrid technology or as 
part of a microcomputer or as part of a program for 
controlling this computer. 

The elements included In the single blocks can 
also be realised separately. 

Fig. 1 shows a preferred embodiment of the 
invention. 

An amplifier 10 includes a voltage-to-time (V/t) 
converter 11 and a time-to-voltage (tA/) converter 
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i2. An input signal Vi, which is in this embodiment 
derived from a video signal generated by a video 
source 20. which may be camera, a video recorder, 
a video memory, digital and/or analog, or thelike, is 
led to a first input terminal of the V/t converter 11 
and the signal of a counter 13 is led to a second 
Input terminal of the converter 1 1 . 

A PWM signal gonorated by the V/t converter 
1 1 is led to a first input terminal of the tA/ con- 
verter 12, a second input terminal of which is 
connected to a ramp voltage generator 14 which 
supplies a ramp voltage signal VR like Indicated In 
principle inside the block 14 and also shown in fig. 
2. The output signal Vo of the converter 12 is led 
to further means, in this embodiment to a LCD 
panel 15. 

The t/V converter i2 can include, iike in this 
embodiment, a MOS transistor 12', source of which 
is connected to the generator 14. and drain is 
connected to a first terminal of a capacitor 12", 
v/here the output signal Vo can be taken from. The 
PWfvi signal is led to the gate of transistor 12* and 
a second terminal of capacitor 12" is connected to 
ground in this embodiment- Another connection of 
the second terminal of capacitor 12". e.g. to a non- 
shown DC-voltage, is also possible. 

Parameters of the counter 13, e.g. iike the 
counter clock frequency and/or the counter start 
time, can be controlled and elected by control 
means which are in this embodiment included in an 
input unit 16. 

Detailed descriptions of the function of an am- 
plifier of the type mentioned are given in the pub- 
lished German patent application DE-6s 39 30 259 
and the prior (not yet published) German patent 
application P 41 03 813.4. Tho way tho amplifior 
works will be explained in the further description 
only as far as it is necessary for the understanding 
of the present invention. 

The main difference between the known am- 
plifiers and the embodiment of fig. 1 is, that the 
converter ll works digitally. That means as well 
the Input signal Vi as the counter signal C are 
digital signals. If an analog input signal is to be 
processed an analog-to-dlgltal (A/D) converter is to 
be provided. 

Fig. 2 shows diagrams of signals which may 
occur in the embodiment of fig. 1. 

Fig. 2a shows the run of the ramp voltage VR, 
a first run Vc of values of the signal C and a value 
Vvi of a digital input signal Vi. The counter is 
started at a time t1 and at a time Ta the value Vc 
of the counter signal C is equal to Vvi. 

Fig. 2e shows PWM signals Pa Pd generated 

by the converter 1 1 for the examples shown in fig. 
2a. ..d. When the counter 13 is started (t1) the 
signal Pa is set "high". After a "high "-time dta the 
signal Pa is set "low" at t = Ta. 



As long as the signal Pa is high the transistor 
12' is conductive and the capacitor 12" is loaded 
with the ramo voltage signal VR of the generator 
14, When Pa becomes "low" (Ta). the transistor 
6 12* Is blocked and the corresponding value of the 
signal R is stored in the capacitor 12". 

The points Voa1,....Vodl indicate the voltage 
valuo at tho capacitor 12" for that moment when 
the counter 13 is started and the points 
w Voa2,....Vod2 indicate values of voltages stored in 
capacitor 12" when the transistor 12' is blocked. 

With the diagram of fig. 2a video signals can 
be displayed on a LCD with 

a first brightness value b1 

15 and 

a first contrast value c1 . 

Fig. 2b shows another run of the curve Vc. The 
counter 13 is started at the same time (t1) as in fig. 
2a. but the clock frequency of the counter is In- 
20 creased, which results in a higher slope of Vc. 

The according PWIVI signal Pb shown in fig. 2e 
starts also at t1 but Its duty cycle ("high"- 
lime/"!ow"-time) is lower. 

As the "high"-time dtb is smaller than dta, the 
25 value of the voltage Vob2 stored in capacitor 12" is 
lower for the value Vvi compared to the example of 
fig. 2a. This means that the value-difference of the 
voltages Vobl. Vob2 is lower. This results in 

a second contrast value c2, which Is lower than 

30 c1. 

The brightness b2 of the videosignal is the 
same as in fig. 2a. This means 

b2 = b1. 

36 

Fig. 2c shows a third run of the curve Vc. The 
slope is the same as in fig. 2a but the starting point 
is earlier (t2) than in fig. 2a and fig. 2b (t1). This 
40 can be realised by starting the counter 14 earlier. 
The clock frequency is the same as in the example 
of fig. 2a. 

The corresponding PWM signal Pc has a 
"high^-time of dtc. which is In this exampid equal 
45 to dta. Theereby the difference between Voci and 
Voc2 Is the same as between Voal and Voa2 and 
the contrast value c3 Is 

c3 = cl. 

so 

The brightness value 

b3 is lower than b1 or b2 
respectively. This can be explained by the fact that 
the voltage values Voci . Voc2 for darker and brigh- 
55 ter videosignals are lower. 

Fig. 2d shows another example with the same 
slope of Vc, and the same counter clock frequency, 
as in fig. 2b and the same starting point (t2) as in 
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fig. 2c. 

Regarding the PWM signal Pd it can b© seen 
that the voltage value Vodi for dark signals is 
equal to Vocl . which nr»eans 

5 

b4 = b3. 

and the difference between Vodi and \/od2 is 
equal to the difference between Vobi and Vob2. 
which nneans ;o 

C4 = c2. 

In conclusion it may be nnentioned that through 

the embodiment of fig. 1 brightness and/or contrast i5 
of a video signal to be displayed with the aid of a 
LCD panel can be changed very easily, as the 
counter clock frequency and the starting point of 
the counter 13 can be changed very easily. 

Versions of the above mentioned embodiments so 
may include at least one of the following variations: 

- instead of or additionally to varying the slope 
and the starting point of the ramp generated 
by The counter 13. the ramp signal R sup- 
plied to the tA/ converter 12 can be gen- 25 
erated by a counter whereby the run of R can 

be varied easily by changing the according 
starting point and clock frequency: 

- D/A converters may be provided between the 
counters and the converters 1 1 and/or 1 2 for 30 
processing analog signals; 

- the ramp generator 14 may generate a ramp 
signal with a decreasing saw tooth. This has 
the advantage that the value of the voltage 
stored in capacitor 12" is more independend 35 
on its capacitance. In this case according 
LCD means 15 or an inverter must be pro- 
vided; 

- tfie values for counter start (brightness) 
and/or counter clock frequency (contrast) can 40 
be controlled by control means in depen- 
dence on given set values and sensor sig- 
nals; 

• amplifier and/or filter means may be pro- 
vided, e.g. between the converter 12 and the 4S 
LCD 15; 

- characteristics mentioned in the said German 
patent applications can be combined, as for 
example 

- the PWM signal can be influenced in de- so 
pendence on the run of the rampvoltage 
signal R (see P 41 03 813.4): 

- one raw or more raws of LCD pixels can 
be driven simultaneously (see DE-OS 39 

30 259). 55 



Claims 

1. Method for amplifying an input signal by 

- a first conversion of said input signal with 
the aid of a first ramp signal into an 
intermediate signal having two or more 
possible states where the duration of one 
or more of these states depends on the 
value of the Input signal, 

- a second conversion of said intermediate 
signal with the aid of a second ramp 
signal into an output signal, whereby the 
value of said output signal depends on 
the duration of one or more states of the 
intermediate signal 

characterised in that 

the first ramp signal and/br the second ramp 
signal is generated by a first counter or a 
second counter respectively. 

2. Method according to claim 1, characterised in 
that tho run of the intermediato signal is influ- 
enced by the run of the second ramp signal. 

3. Method according to claim 1 or claim 2, 
characterised in that tiie input signal is a mass 
for a video signal and with the aid of tfie output 
signals liquid crystal display means are driven. 

4. Method according to claim 3, characterised In 

that the starting moment of the first counter 
and/or of the second counter determines the 
brightness of a signal to be displayed by the 
liquid crystal display means. 

5. Method according to claim 3 or 4 charac- 
terised in that the counter clock frequency of 
the first and/or of the second counter deter- 
mines the contrast of a signal to be displayed 
by the liquid crystal display means. 

6. Device for amplifying an input signal having 

- a first stage (11) for the conversion of 
said input signal with the aid of a first 
ramp signal generated by first ramp 
means (13) into an intermediate signal 
(PWM) having two or more possible 
states wherein the duration of one or 
more of these states depends on the 
value of the input signal, 

- a second stage (1 2) for the conversion of 
said intermediate signal (PWM) with the 
aid of a second ramp signal generated 
by second ramp means (14) into an out- 
put signal (Vo). whereby the value of said 
output signal (Vo) depends on the dura- 
tion of one or more states of the inter- 
mediate signal (PWM), 



4 



BP 0 574 891 A1 



characterised in that 

the first ramp means (13) and/or the second 
ramp means (14) include counter means. 

7. Device according to claim 6, characterised in s 
that adapting means are provided which influ- 
ence the run of the intermediate signal (PWM) 

in dependence on the run of the second ramp 
signal (R). 

10 

8. Device according to claim 6 or claim 7, charac- 
terised in that a video source (20) is provided, 
which generates a video signal from which the 
input signal is derived and liquid crystal dis- 
play means (15) are provided which are driven 75 
with the aid of the output signals (Vo). 

9. Device according to claim 8, characterised in 
control means are provided which determine 

and Influence the starting moment of the first 20 
counter means (13) and/or of the second coun- 
ter means (1 4) in dependence on a given value 
of the bnghtness of a signal to be displayed by 
the liquid crystal display means (15). 

25 

10. Device according to claim 8 or 9, characterised 
in control means are provided which determine 
and influence the clock frequency of the first 
counter means (13) and/or of the second coun- 
ter means (14) in dependence on a given value so 
of the contrast of a signal to be displayed by 

the liquid crystal display means <15), 
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